Tissue culture methods were investigated for propagation of the epiphytic orchid Neofinetia falcata H. H. Hu. The protocorms were divided into upper and lower portions and cultured. An average of 1.0-1.7 plantlets per explant were derived from upper portions which had survived at frequencies at 10-30%. Plantlets that developed from protocorms were cultured to increase the survival rate. All explants derived from upper portions of the plantlets survived, but explants from lower portions of plantlets did not. Explants derived from darkpreconditioned plantlets showed multiple bud formation when grown on medium containing 0.44 μM N 6 -benzyladenine (BA) and 5.37 μM α-naphthaleneacetic acid (NAA). Leaf explants derived from darkpreconditioned plantlets produced adventitious buds most efficiently when cultured in medium containing 0.44 μM BA and 5.37 μM NAA. These results suggest that the most suitable culture materials for bud formation in N. falcata are the upper portion of plantlets and the leaves of dark-preconditioned plantlets.
Introduction
Neofinetia falcata H. H. Hu is found in temperate and subtropical regions of China, Japan and Korea (Arditti, 2008) . This species has a pleasant fragrance and beautiful form, which have made it a valuable garden plant since the 17th century. Aseptic germination of the seeds can be as high as 97% (Nagashima, 1993) , but genetic segregation resulting from heterozygosity of parent plants often results in low uniformity among reproduced plantlets. Vegetative propagation by division yields only two or three genetically identical clones per year, and therefore its efficiency is very low. Efficient propagation methods are needed to produce this valuable plant commercially.
While micropropagation techniques may have potential for the production of N. falcata, only a few studies have been reported. For example, plant regeneration through a callus induced from an aseptically germinated plantlet is one potential propagation method (Aoki et al., 1993; Niimi et al., 1995) ; however, somatic variation can occur in regenerants following callus or cell suspension culture (Evans and Sharp, 1983; Larkin and Scowcroft, 1981) . Shimasaki (1993) induced protocormlike bodies (PLBs) from young floret explants in vitro, but the preparation of the explants is limited to early summer; therefore, different efficient tissue culture methods for N. falcata are required.
We attempted to develop efficient micropropagation methods for tissue culture without using florets or calli. Firstly, we concentrated on the regeneration of PLBs that can be divided to produce many plants: upper and lower portions of protocorm were used to produce PLBs in protocorm culture. Secondly, in plantlet culture, we used upper and lower portions of light-or darkpreconditioned plantlets as a source of explants, and evaluated the survival rate of explants and bud formation efficiency. Finally, to prevent destruction of the donor plant, leaf culture was tested using leaves from light-or dark-preconditioned donor plants.
Materials and Methods

Aseptic seed germination
Green seed pods of N. falcata were harvested 12 weeks after pollination. Their surfaces were wiped with 70% (v/v) ethanol using cotton gauze and flame-sterilised. Seeds were sown and cultured on half-strength (1/2) MS medium (Murashige and Skoog, 1962) experiment evaluating MS, 1/2 MS, Knudson C (Knudson, 1946) , and Hyponex (Kano, 1965) showed that 1/2 MS was the most suitable medium.
Culture condition and measurements
The concentrations of N 6 -benzyladenine (BA) and α-naphthaleneacetic acid (NAA) in 1/2 MS medium were limited to two possible effective combinations; 0.44 μM BA and 5.37 μM NAA, and 4.43 μM BA and 0.54 μM NAA following the methods of Shimasaki (1993) . The pH of the media was adjusted to 5.6, and 50 mL medium was dispensed into 100 mL Erlenmeyer flasks before autoclaving at 121°C for 15 min. Cultures were maintained under a 16 h photoperiod at ca. 70 μmol·m −2 ·s −1 PPFD (photosynthetic photon flux density) and at 25°C. The percentages of survived explants, survived explants with developed buds, and number of buds per explant were determined 8 weeks after planting. Thirty explants derived from protocorms and plantlets were used for each experiment. The data were statistically analyzed by two-way analysis of variance (ANOVA).
Protocorm and plantlet culture
Protocorms were grown in vitro for 3 months after germination to a height of ca. 1.5 mm. They were then divided transversely into upper and lower portions and used as explants. To improve the survival rate of explants, plantlets were grown to ca. 2.6 mm height in vitro for 5 months until they had two unfolded leaves. The plantlets were cut transversely at the center of the stem and divided into upper and lower portions. Each explant was then cultured under the conditions described above in 2.
Dark-preconditioning of plantlets for leaf cultures
Plantlets with two unfolded leaves were cultured in vitro for 5 months in the dark or light (control), until they reached 4.1 mm height (Fig. 1A) . White and green plantlets that were grown under dark and light conditions, respectively, were cut transversely at the center of the stem and divided into upper and lower portions. Only the upper portions were then cultured in conditions described above in 2. To minimize disrupting the growth of donor plants, the uppermost unfolded leaf was used as the explant source.
Results
Protocorm culture
Bud development from protocorm portions was investigated using different combinations of plant growth regulators in the culture medium. No explants taken from lower portions of protocorms survived after 8 weeks of bud induction culture, but explants from upper portions of protocorms showed 10-30% survival rate (Table 1) . All survived protocorms developed at least one bud which originated from the shoot apex of the protocorm. Survived explants formed an average of 1.7 buds per explant on medium containing 0.44 μM BA and 5.37 μM NAA, whereas only one bud per explant was generated on medium containing 4.43 μM BA and 0.54 μM NAA.
Plantlet culture
The effect of using either upper or lower parts of plantlets on bud formation was investigated in culture with different combinations of plant growth regulators in the medium. Survival rates of explants from plantlets were higher than those of explants from protocorms. Only the upper-portion explants of plantlets survived, regardless of the concentration of plant-growth regulators, and no lower-portion explants of plantlets survived. The bud developed from the upper portion of plantlets originated from the shoot apex of the plantlet. Plant-growth regulators had no significant effect on bud development (data not shown).
Dark-preconditioning of plantlets
The effect of dark-preconditioning of plantlets was investigated using different combinations of plant growth regulators in the medium. All explants from lightpreconditioned plantlets survived, whereas 67-93% of explants from dark-preconditioned plantlets survived. All survived explants developed buds regardless of the light conditions for preconditioning. There was 1 bud per survived explant in light-preconditioned plantlets (control), and 2.5-5.1 buds per survived explant in dark- preconditioned plantlets ( Table 2 ). The highest number of buds, 5.1, was found in explants taken from darkpreconditioned plantlets cultured in medium containing 0.44 μM BA and 5.37 μM NAA. Severe browning of the medium was observed at the cut surface of explants preconditioned in the light, but not in explants taken from plantlets preconditioned in the dark. PLBs, axillary and adventitious buds developed on the explants (Fig. 1B ) from 4 weeks after planting (WAP) and increased to form multiple shoots. These shoots became plantlets with two to three leaves and one to two roots at 12 WAP in dark-preconditioned explants.
Dark-preconditioning of donor plants for leaf cultures
The effect of dark-preconditioning of donor plants on adventitious bud formation was investigated in leaf cultures. Different combinations of plant growth regulators were used in the culture media. The survival rate of explants from light-preconditioned plants (control) was 17-37%, but was significantly higher in explants from dark-preconditioned plants (73-83%). Buds developed from 27% of control explants, but from 50-64% of dark-preconditioned explants (Table 3) . No buds formed from leaf explants grown in medium without growth regulators. The highest rate of bud development, and the highest number of buds per explant, 4.4, were found in dark-preconditioned explants cultured in medium containing 0.44 μM BA and 5.37 μM NAA. Extensive browning was observed in the medium at the cut surface of explants derived from light-grown (control) plantlets (Fig. 1C) . In dark-preconditioned explants, adventitious buds and PLBs developed at the base of explants within at 4 WAP. These adventitious buds formed multiple shoots (Fig. 1D) , developing into plantlets with two to three leaves and one to two roots at 12 WAP. Table 2 . Effects of dark-preconditioning of plantlets and plant growth regulators on bud formation from the upper portion of plantlets in N. falcata in vitro.
Data were obtained after 8 weeks of culture. n = 30. Culture environments were maintained in a 16 h photoperiod (ca. 70 μmol·m −2 ·s −1 ) and at 25°C. z Mean ± SE y **, *, and NS mean significant at P < 0.01, P < 0.05, and non-significant, respectively. Data were obtained after 8 weeks of culture. n = 30. Culture environments were maintained in a 16 h photoperiod (ca. 70 μmol·m −2 ·s −1 ) and at 25°C. z Mean ± SE y * and NS mean significant at P < 0.05 and non-significant, respectively. 
Discussion
Many plants in the Orchidaceae are propagated by seeds or division, but their multiplication efficiencies are very low. Genetic segregation is also inevitable when seeds are used for propagation; therefore, tissue culture can be a useful propagation method for Cymbidium (Morel, 1960) . Multiplication methods have been developed for Cattleya, Dendrobium and Vanda, where adventitious buds and PLBs are generated from the shoot apex (Kim et al., 1970; Malabadi et al., 2004; Reinert and Mohr, 1967; Roy et al., 2007; Seeni and Latha, 2000) , and for Phalaenopsis using axillary buds on flower stalks (Tanaka, 1987) . PLBs developed using leaf cultures formed adventitious buds and reproduced further PLBs by division in Doritaenopsis (Amaki and Higuchi, 1989) and Dendrobium (Nayak et al., 2002) ; however, use of the shoot apex results in sacrifice of its mother plant; therefore, stem, leaf, inflorescence and flower stalk tissues are more suitable for tissue culture (Arditti and Ernst, 1993) . In monopodial orchids, Phalaenopsis leaf explants were used for plant regeneration (Chen and Chang, 2006; Tanaka, 1987) .
In N. falcata tissue culture, most of the upper portions of protocorms died, but buds formed from ca. 20% of the survived explants. To increase the survival rate, plantlets that developed from protocorms were used as a source of explants. The survival rate of explants derived from plantlets was higher than that of those derived from protocorms.
Our results showed that five buds, including axillary and adventitious buds, formed on explants taken from the upper portions of dark-preconditioned plantlets, whereas no multiple buds were obtained from the same part of light-grown (control) plantlets. Shimasaki (1993) reported an average of only three buds per survived explant. In our study, dark conditioning slightly decreased the survival rate, but the marked promotion of bud formation resulted in an increase in the average number of buds per survived explant. Similarly, in tissue cultures of apple, guava and mango, explants derived from dark-preconditioned donor plants showed higher survival rates, and increased bud formation (Meghwal et al., 2001; Sharma and Singh, 2002; Wang et al., 1994) .
In leaf cultures, the increased survival rate of leaf explants from dark-preconditioned donor plants indicates that adventitious bud formation is promoted in explants derived from dark-preconditioned plantlets. Our results show that leaves of dark-cultured donor plants are effective for the micropropagation in N. falcata. In the present study, 4.4 buds per explant were regenerated by leaf culture of dark-preconditioned donor plants, whereas only 3 buds per explant were reported by Arditti (2008) . Leaf cultures can be used as a source of explants at any time, and this may be an advantage over the floret cultures described by Shimasaki (1993) . Approximately 5,000 plantlets per year could be produced by repeated culture with our method, calculated as follows: (5.1 regenerated plantlets per explant × 83% survival) 6 . In some variegated cultivars of N. falcata, expression of the variegation might depend on the variegation type of the donor plant, as is found in oriental Cymbidium (Hasegawa, 1987) . Future studies will determine whether the expression of variegation in the regenerated plant changes depending on the variegation type of the donor plant in N. falcata.
In our study, a browning compound exuded from the cut surface of the explants into the culture medium, resulting in a low survival rate of explants. Dark preconditioning of donor plants also reduced the browning of tissues in leaf cultures of Malus pumila Mill. (Wang et al., 1994) ; therefore dark-preconditioning of plantlets may reduce the production of the inhibitory browning compound in N. falcata. In shoot apex cultures of Cattleya, the browning compound exuded into culture media was a phenolic compound (Ishii et al., 1979) . Leaf segments of Rhyncostylis and Red Vanda (Renanthera imschootiana Rolfe) turned brown and necrotic after the Table 3 . Effects of dark-preconditioning of plantlets and plant growth regulators on adventitious bud formation from the leaf in N. falcata in vitro.
Data were obtained after 8 weeks of culture. n = 30. Culture environments were maintained in a 16 h photoperiod (ca. 70 μmol·m −2 ·s −1 ) and at 25°C. z Mean ± SE y **, *, and NS mean significant at P < 0.01, P < 0.05, and non-significant, respectively. release of phenolic exudates into the medium (Seeni and Latha, 1992; Vij et al., 1984) . In axillary bud cultures of guava (Psidium guajava L.), dark preconditioning promoted bud development by controlling exudation of the phenolic compound into the culture media (Meghwal et al., 2001) . In shoot apex cultures of mango (Mangifera indica L.), dark conditioning decreased phenol content and polyphenol oxidase activity in the shoot apex, controlled exudation of the phenolic compound into the culture media, and increased the survival rate of explants (Sharma and Singh, 2002) . Therefore, promotion of bud formation in explants by dark-preconditioning of donor plants may be due to reduced synthesis of the phenolic compound. Together, our results show that the most suitable culture materials for bud formation of N. falcata are the upper portion of the plantlet and leaves of darkpreconditioned plants.
